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Instruction Sot 

All instructions are 32 bits in size, 
operation code. 

24 23 


ajor j 


»nd use the high order 8 bits to specify a major 


The major field is filled 


by the following table: 5 



major operation code field values 


t?// h r^™ ,0 ^ pera 5i on fieId values A.MINOR, L.MINOR, E.MINOR. F 16 F3? 
operation code: 


struction specify a minor 


major 


other 


| minor"' 


'Blank tabic e 


:s cause the Reserved Instruction exception t< 
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GUMULADD2, GUMULADD4. 

GUMULADD8, GUMULADD16, GUMULADD32. 

GMUX, GMUXGATHER, GSCATTERMUX, G. EXTRACT. 128: 

GroupTernary(major,size,ra,rb.rc,rd) 
G.EXTRACT.I, G. EXTRACT. 1. 64: 

GroupExtractlmmediate(major,ra,rb.rc.minor) 
G.1, G.2, G.4. G.8. G.16, G.32: 

case minor of 

G.SHI, G.SHR, G.USHR. G.ADD. G.SUB, G.MUL, G.UMUL. 
G.AND, G.OR, G.XOR, G.ANON, G.NAND, G.NOR. G.XNOR, G.ORN, 
G.SET.E, G.SET.NE, G.SET.L, G.SET.GE, G.SET.UL, G.SET.UGE. 
G.COPY, G.SWAP, G.OEAL, G. SHUFFLE, G.COMPRESS, G.EXP AND, 
G. GATHER, G. SCATTER: 

Group(minor,major,ra,rb,rc) 
G.COMPRESS.I. G.EXPAND.I, G.SHL.I, G.SHR.I, G.U.SHR.I: 

GroupShortlmmediate(minor, major, ra.simm.rc) 
G.EXTRACT.I: 
, GroupExtractlmmediate(major.ra,rb,rc,minor) 
others: 

raise Reservedlnstruction 

end case 

GFMULADD16, GFMULADD32, GFMULADD64. 
GFMULSUB16, GFMULSUB32. GFMULSUB64: 

GroupFloatingPointTemary(major,ra,rb,rc,rd) 
GF.16, GF.32, GF.64, GF.128: 
case minor of 

GF.AOD.N, GF.SUB.N, GF.MUL.N, GF.DIV.N, 
GF.ADD.T, GF.SUB.T, GF.MUL.T, GF.DIV.T, 
GF.ADD.F, GF.SUB.F, GF.MUL.F, GC.DIV.F, 
GF.ADD.C, GF.SUB.C, GF.MUL.C, GF.DiV.C, 
GF.ADD, GF.SUB, GF.MUL, GF.DIV, 
GF.ADD.X, GF.SUB. X, GF.MUL.X, GF.DiV.X, 
GF.SET.E, GF.SET.NE, GF.SET.UE, GF.SET.NUE, 
GF.SET.NUGE, GF.SET.UGE, GF.SET.UL, GF.SET.NUL. 
GF.SET.E.X, GF.SET.NE.X, GF.SET.UE.X, GF.SET.NUE.X, 
GF.SET.L.X, GF.SET.NL.X, 6F.SET.NGE.X, GF.SET.GE.X: 

GroupFloatingPoint(minor.op, major.size, minor.round, ra, rb, rc) 
GF. UNARY. N, GF.UNARY.T, GF. UNARY. F, GF.UNARY.C, 
GF.UNARY, GF.UNARY.X: 
case unary of 

GF.ABS. GF.NEG, GF.SQR, 

GF.HALF, GF. SINGLE, GF. DOUBLE, GF.QUAD, 

GF.iNT. GF. FLOAT: 

GroupFloatingPointUnary(unary.op, major.size, 
minor.round, ra, rc) 

others: 

raise Reservedlnstruction 

endcase 
others: 

raise Reservedlnstruction 

endcase 
L. MINOR 

case minor of 

L16L. LU16L, L32L, LU32L. L64L, L128L, L8. LU8, 
L16LA, LU16LA, L32LA, LU32LA, L64LA, L128LA, 
L16B, LU16B. L32B, LU32B, L64B, L128B, 
L16BA, LU16BA, L32BA, LU32BA, L64BA, L128BA: 
Load(minor,ra,rb,rc) 
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Group 

These instructions take two operands, perform a group of operations on partitions 
of bits in the operands, and catenate the results together . 


Operation codes 


G.ADD.2 

Group add pecks 

G.ADD.4 

Group add nibbles 

G.ADD.8 

Group add bytes 

G. ADD. 16 

Group add doublets 

G. ADD. 32 

Group add quadlets 

G. ADD. 64 

Group add octlets 

G.AND 14 

Group and 

G.ANDN* 15 

Group and not 

G. COMPRESS. 1 

Group compress bits 

G. COMPRESS. 2 

Group compress pecks 

G. COMPRESS. 4 

Group compress nibbles 

G. COMPRESS. 8 

Group compress bytes 

G. COMPRESS. 16 

Group compress doublets 

G. COMPRESS. 32 

Group compress quadlets 

G. COMPRESS. 64 

Group compress octlets 

G.DIV.64 

Group signed divide octlets 

G. EXPAND. 1 

Group signed expend bits 

G. EXPAND. 2 

Group signed expand pecks 

G. EXPAND. 4 

Group signed expand nibbles 

G. EXPAND. 8 

Group signed expand bytes 

G. EXPAND. 16 

Group signed expand doublets 

G. EXPAND. 32 

Group signed expand quadlets 

G. EXPAND. 64 

Group signed expand octlet 

G. GATHER. 2 

Group gather pecks 

G. GATHER. 4 

Group gather nibbles 

G. GATHER. 8 

Group gather bytes 

G GATHER. 16 

Group gather doublets 

G. GATHER. 32 

Group gather quadlets 

G. GATHER. 64 

Group gather octlets 

G.GATHER.128 16 

Group gather hexlets 

G.MUL.117 

Group signed multiply bits 

G.MUL.2 

Group signed multiply pecks 

G.MUL.4 

Group signed multiply nibbles 

G.MUL.8 

Group signed multiply bytes 


14 G.AND does not require a size specification, and is encoded as G.AND.l. 

i5 G.ANDN does not require a size specification, and is encoded as G.ANDN.l. G.ANDN is 

used as the encoding for G.SET.L.l, and by reversing die operands, for G.SET.UL.l. 

16G.GATHER.128 is encoded as G.GATHER.l 

17 G.MUL.I is used as the encoding forG.UMUL.l. 


- 103 - 


micro-unity 


Terpsichore System Archirecture Wed, Aug 2, 1995 


G.MUL16 

Group signed multiply doublets 

G.MUL32 

Group signed multiply quadlets 

G.MUL.64 

Group signed multiply octlets 

G.NAND 18 

Group nan" 

G.NOR 19 

Group nor 

G.OR20 

Group or 

G.0RN2' 

Group or not 

G.POLY.1 

Group polynomial divide bits 

G.P0LY.2 

Group polynomial divide pecks 

G.P0LY.4 

Group polynomial divide nibbles 

G.P0LY.8 

Group polynomial divide bytes 

G.POLY.1 6 

Group polynomial divide doublets 

G.POLY.32 

Group polynomial divide quadlets 

G. POLY. 64 

Group polynomial divide octlets 

G.ROTL? 

Group rotate left pecks 

G.ROTL.4 

Group rotate left nibbles 

G.ROTL.8 

Group rotate left bytes 

G.ROTL.16 

Group rotate left doublets 

G.ROTL.32 

Group rotate left qvadlets 

G.ROTL.64 

Group rotate left octlets 

G.ROTL. 128 

Group rotate left hexlets 

G.R0TR.2 

Group rotate right pecks 

G.ROTR.4 

Group rotate right nibbles 

G.ROTR.8 

Group rotate right bytes 

G.ROTR.16 

Group rotate right doublets 

G.ROTR.32 

Group rotate right quadlets 

G.ROTR.64 

Group rotate right octlets 

G.ROTR.128 


G. SCATTER. 2 

Group scatter pecks' 

G. SCATTER. 4 

Group scatter nibbles 

G. SCATTER. 8 

Group scatter bytes 

G.SCATTER.16 

Group scatter doublets 

G. SCATTER. 32 

Group scatter quadlets 

G. SCATTER. 64 

Group scatter octlets 

G.SCATTER. 12822 

Group scatter hexlet 

G.SHL.2 

Group shift left pecks 

G.SHL.4 

Group shift left nibbles 

G.SHL.8 

Group shift left bytes 

G.SHL.16 

Group shift left doublets 

G.SHL.32 

Group shift left quadlets 


18 G.NAND docs not require j size specification, and is encoded as G.NAND.l. 
l9 G.NOR does not require a size specification. ai.J is encoded as G.NOR.l. 
20 G.OR docs not require a size specification, and is encoded as G.OR.I. 

21 G.ORN does not require a size specification, and is encoded as G.ORN.I. G.OKN is iis-.-J as 
the encodinj; for G.SET.UGE.l. and by reversing the operands, for G.SET.GE.l. 
22 G.SCATTER.128 is encoded as G.SCATTER. I 
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G.SHL.64 

Group shift left octlets 

G.SHL128 

Group shift left hexlets 

G.SHR.2 

Group signed shift right pecks 

G.SHR.4 

Group signed shift right nibbles 

G.SHR.8 

Group signed shift right bytes 

G.SHR.16 

Group signed shift right doublets 

G.SHR.32 

Group signed shift right quadlets 

G.SHR.64 

Group signed shift right octlets 

G.SHR.128 

Group signed shift right hexlets 

G.U.DIV.64 

Group signed divide octlets 

G. U. EXPAND. 1 

Group unsigned expand bits 

G.U. EXPAND. 2 

Group unsigned expand pecks 

G.U. EXPAND. 4 

Group unsigned expand nibbles 

G.U.EXPAND.8 

Group unsigned expand bytes 

G.U. EXPAND. 16 

Group unsigned expand doublets 

G.U. EXPAND. 32 

Group unsigned expand quadlets 

G.U. EXPAND. 64 

Group unsigned expand octlet 

G.U.MUL.2 

Group unsigned multiply pecks 

G.U.MUL.4 

Group unsigned multiply nibbles 

G.U.MUL.8 

Group unsigned multiply bytes 

G.U.MUL.16 

Group unsigned multiply doublets 

G.U.MUL.32 

Group unsigned multiply quadlets 

G.U.MUL64 

Group unsigned multiply octlets 

G.U.SHR.2 

Group unsigned shift right pecks 

G.U.SHR.4 

Group unsigned shift right nibbles 

G.U.SHR.8 

Group uns'gned shift right bytes 

G.U.SHR.16 

Group unsigned shift right doublets 

G.U.SHR.32 

Group unsigned shitt right quadlets 

G.U.SHR.64 

Group unsigned shift right octlets 

G.U.SHR.128 

Group unsigned shift right hexlets 

G.XNOR 23 

Group exclusive-nor 

G.XOR^ 

Group exclusive-or 


2J G.XNOR does not require a size specification, and is encoded as G.XNOR.1. G.XNOR is 
used as the encoding for G.SET.E.l. 

2<f G.XOR docs not require a size specification, and is encoded as G.XOR.l. G.XOR is used 
the encoding for G.ADD.l, G.SUB.l and G.SET.NE.1. 
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class 

op 

size 

linear 

ADD 

2 4 8 16 32 64 

bitwise 

AND ANDN NAND NOR 
OR ORN XNOR XOR 


signed multiply 

MUL 

1 2 4 8 16 32 64 

unsigned 
multiply 

U.MUL 

2 4 8 16 32 64 

signed divide 

DIV 

64 

unsigned 
divide 

U.DIV 

64 


GATHER SCATTER 

2 4 8 16 32 64 

galois field 

POLY 

12 4 8 16 32 64 

precision 

COMPRESS EXPAND 
U.EXPAND 

1 2 4 8 16 32 64 

shift « 

ROTR ROTL SHR SHL 
U.SHR 

2 4 8 16 32 64 128 


hormat 

G. op. size rc=ra,rb 

31 24 23 18 17 12 11 6 5 0 

{ G.size 1 ra | rb | rc j o p ] 

8 6 6 6 6 

Description 

Two values are taken from the contents of registers or register pairs specified by 
ra and rb. The specified operation is performed, and the result is placed in the 
register or register pair specified by rc. 

A reserved instruction exception occurs if rco is set, and for certain operations, if 
rao or rbo is set. 

Definition 

def Group(op,size,ra,rb,rc) 
case op of 

G.MUL, G.U.MUL. G.DIV. G.U.DIV: 

a <- RegRead(ra. 64) 

b <- RegRead<rb, 64) 
G.ADD, G.SUB, G.SET.L, G.SET.UL. G.SET.E, G.SET.NE. G.SET.GE. G.SET.UGE. 
G.AND, G.OR, G.XOR. G.ANDN, G.N AND, G.NOR, G.XNOR, G.ORN, 
G. GATHER, G. SCATTER: 

a <- RegRead(ra, 128) 

b <-• RegRead(rb. 128) 
G.COMPRESS. G.ROTL, G.ROTR. G.SHL. G.SHR. G.U.SHR, G.POLY: 

a <- RegRead(ra. 128) 

b <- RegRead(rb, 64) 
G. EXPAND, G.U.EXPAND: 

a <- RegRead(ra. 64) 
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if aj then 

endif 
endfor 
j <- k+size-1 

for i <r- k-tsize-1 to k by -1 
if -aj then 
Cj «-bi 
j<-j-1 

endif 
endfor 
endfor 
G. SCATTER: 

for k <r- 0 to 128-size by size 

for i <r~ k to k+size- 1 by 1 
if aj then 
ci-<- bj 

endif 
endfor 
j <- k+size-1 

for i +- k+size-1 to k by -1 
if ~aj then 
C| <-bj 

endif 
endfor 
endfor 
G.COMPRESS: 

for i <— 0 to 64-size by size 

c;+size-1..i *- ai+i+size-l+(b&(size-1))..i+i+(b&fsize-l)) 
endfor 
G. EXPAND: 

for i -«— 0 to 64-size by size 

Ci+i+ si ze + size-1..i+i <- aj «f( size - 1 »H ai.size.ri " 0 b&(sizeO) 
endfor 
G.U.EXPAND: 

for i <- 0 to 64-size by size 

ci+i+size + size-l..i+i <- 0 size -( b& ( size - 1 »ll * . si2e . tj II Q b&(size-1) 
endfor 
G.ROTL: 

for i <— 0 to 128-size by size 

Ci+size-1..i «- ai+size-1-(b&(size-1))..i K -Mvsize-i .Usize-1-{b&(size-D) 
endfor 
G.ROTR: 

for i <-0 to 128-size by size 

endfor^''' 26 " 1 ' *~ ai+ ( b& ( size-1 W' 1 -' !l a '+size-i..i+(b&(size-l)) 
G.SHL: 

for i <- 0 to 128-size by size 

Ci+size-1..i <- ai+size-i-(b&(size-i))..i » O b& (size-D 
endfor 
G.SHR: 
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"* ' \ —..-M—l 
endfor 
G.U.SHR: 

for i <- 0 to 128-size by size 

ci«to-i..l «- 0 b& ( s,ze - 1) « ai +S i Ze -l..i + (b&(size-1» 
endfor 

endcase 

G EXPAND G.U.EXPAND. G.SHL, G.SHR, G.U.SHR, 
G'.GATHER, G.SCATTER, G.POLY: 

RegWrite(rc, 128, c) 
G.COMPRESS: 

RegWr;te(rc-, 64, c) 

endcase 
enddef 

Fxnaptions 
Reserved Instruction 
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